In 2004, a group of Illinois librarians was awarded a research grant to assess the state of Illinois' science serial collection. This collection assessment focused on academic libraries in the state, specifically those participating in the Consortium of Academic Research Libraries in Illinois (CARLI), but also including another 10 academic libraries in the state that do not belong to the consortium. Current serial subscription data were collected through both automated and manual means and the analysis was conducted in conjunction with Ulrich's Serials Analysis System. Due to cataloging limitations and issues surrounding different ISSNs for print and electronic formats, the study centered on current (as of spring 2005) print serial subscriptions. Results found that well over half of the state's print serial subscriptions were Illinois' "last copy" and another 13 percent were at risk, with only two copies owned in the state. And while most titles were limited to one print copy within Illinois, other titles have wide accessibility and duplication at a high cost to the state. llinois libraries invest millions of dollars annually in the subscription and maintenance of science serials. This investment and commitment involves and affects every library in the state, making the study of this collection a critical undertaking. New tools have made the assessment of these collections easier, allowing librarians to gather and analyze data on how our collections are similar and different and how they function as a statewide collection to serve our users.
This study of current serial subscriptions looks at broad subject coverage within the sciences. It follows monographic collection assessments already done in Illinois, both with an earlier collection overlap study conducted by Po er 1 and more recently by Munroe. 2 Both of these studies, though separated by a span of 20 years, reflect the diversity that is seen in academic library collections regardless of size and point to the interdependency of libraries in providing a rich array of resources for students, researchers and citizens in the state.
Illinois libraries have enjoyed a long history of resource sharing and analysis. From the mid-1970s, the state has worked on a number of cooperative collection development initiatives and has provided funding for joint acquisitions. This study grew from a discussion among Illinois science librarians searching for opportunities to provide shared access to online science journals. It sought to answer the following questions: "How can we be er understand the statewide consequences of canceling print subscriptions?" "How many current subscriptions are duplicated among science libraries?" and "What sorts of print cancellation decisions are libraries making that endanger our longterm access to content?" Libraries now have the data and tools necessary to answer these questions. Through a grant from the Consortium of Academic Research Libraries in Illinois (CARLI) (formerly granted by the Illinois Cooperative Collection Management Program), the authors were able to acquire short-term access to the Ulrich's Serials Analysis System and use it to examine current science serial subscriptions in Illinois academic libraries. Two of the investigators on this project had previously critiqued the Ulrich's product and fully understood its capabilities and limitations, thus aiding in the design of the study. 3 The purpose of the study was twofold: 1) to understand and describe both the overlapping and unique current science serial collections in the state; and 2) to lay the groundwork for building a collaborative approach to acquiring access to digital content for the titles that are the most commonly held.
The year 2005 may not seem the most opportune time to conduct a study of print serial subscriptions. Many print subscriptions have been cancelled in Illinois in recent years due to the availability of electronic access to full-text journal articles. It is expected that, if this study had been conducted even a few years earlier, more print subscriptions and a greater overlap of holdings would have been found. However, creating a baseline of print subscriptions in 2005 is still useful and, in fact, seizes on a moment of significance to libraries in fulfilling responsibilities of preservation and stewardship. It is critical to find and identify that "last copy" in the state in order to make informed decisions about its fate. It is also useful to have an idea of where the greatest overlap is taking place and therefore where the greatest overlap of funds is being expended. The data analysis demonstrated that this type of study, even with its limitations, is well worth the effort.
Previous Research
The literature on collection overlap covers many years and reflects many types of methodologies and collection needs and outcomes. As union catalogs became an established tool, studies of the effect of multiple holdings in library collections grew. Illinois' own Robert Downs established a cornerstone study in 1942 in a set of essays on union catalogs in the United States. 4 Interest in collection overlap studies intensified in the 1970s, when funding for higher education and libraries began to tighten, and they have continued at a fairly frequent rate throughout the 1980s and 1990s and into the present decade. Examples include Strubbe's 1989 study of overlap within a single academic library, 5 the 1997 study of serial overlap in Glasgow area academic libraries, 6 Zainib and Ng's research on availability and overlap in computer science journals, 7 and more recently Metz and Gasser's serial overlap study for the Virtual Library of Virginia (VIVA). 8 Strubbe's research reflects the publishing era just before the rise of electronic journals and demonstrates the careful analysis that academic libraries usually undertake in avoiding all but the most critical of print duplication. The Glasgow study cites many of the challenges in conducting journal overlap studies, including the lack of ISSNs and, again, the need to duplicate print subscriptions in critical areas of study. And, reflecting the growing availability of electronic journals, the Zainib & Ng research examines the opportunities of a cooperative set of print subscriptions that collectively might allow access to the wider possible array of journals, both print and electronic. Metz and Gasser employ the Ulrich's Serials Analysis System to evaluate both print and online serial overlap in Virginia.
In general, the literature of collection overlap echoes the growing sophistication of tools at our disposal for understanding our collections and making informed and rational decisions for duplication, unique holdings, and resource sharing. Perhaps the biggest challenge to the studies remains the lack of specific information and the potential for mismatching of titles. Nevertheless, the tools and the holdings records they analyze continue to be critical to our informed decision making and the future landscape of our collections.
The literature on statewide or multiplelibrary, consortium collection assessments is a much smaller but growing group of articles, recently focusing on consortially held journals, as this study does. For example, Sho laender 9 and others studied a sample of the journal collection of the University of California Libraries that was simultaneously available in print and electronic format and in libraries where print was available and in libraries where print was in storage. The journal-use study portion of this research found that electronic journals were used as much as 16:1 over print where print was available on site. Very li le comment was registered when print was completely removed to remote storage and only electronic journal access was made available. 
Hypotheses
Hypotheses provide the basis for questioning and illuminating collected data. A number of hypotheses were posed by the authors to design database queries and the data analysis. The following predictions were made for this study of Illinois' current print science serial collection.
• An estimated one-third of all serial titles will be "last copy" titles, held by only one library in the state.
• Ten percent of titles will be "nextto-last" copies, held by only two libraries in Illinois.
• The single-subject call number class with the most print titles will be LC call number range QA (math). This hypothesis is based on our observation that mathematics is a science-based discipline that continues to value print subscriptions highly.
• Most unique titles will be currently owned by the largest research libraries in the state, those serving an FTE student population over 20,000.
• Cost ma ers; the higher the cost of a journal, the fewer number of copies that will be currently owned.
• Disciplines with the highest percentage of online journal availability will be chemistry and physics. This hypothesis is based on our observation that both chemistry and physics were early adopters to digital content, and researchers and students in these disciplines are avid users.
• The most expensive journals by call number will be Chemistry (QD). This assumption is based on serial price increase data, which continually ranks chemistry as one of the most expensive disciplines.
• The total cost of current print science serial subscriptions in Illinois will exceed 10 million dollars per year.
• Over 80 percent of currently received, nongi print science serial titles will be available online.
Methodology
Data collection and analyses were divided into three distinct components. First, a union list of currently owned science serials was built from the 65 CARLI libraries' Voyager Universal Catalog records and data from another ten contributing libraries that provided records of their current science serial holdings. This union list was then matched against Ulrich's Serials Analysis System database to gather additional information about a serial title, including list price, publisher, both Dewey and LC call numbers, electronic availability, peer-reviewed status, indexing and Ulrich subject category. Finally, the enhanced database was analyzed to answer questions posed by the hypotheses. Naturally, actual events in this threestep process were hampered by realities that are to be expected when dealing with large numbers of serials and bibliographic records from 75 libraries. These "realities" will be addressed later in this paper.
The primary source for creating a database of every current, print science serial owned in Illinois was the Voyager Universal Catalog. This union catalog is shared by 65 academic libraries in Illinois and provided an established consortia database to gather current serial subscription information. Other academic libraries in the state were invited and encouraged to participate in this study. This resulted in another ten libraries joining the study by contributing current, print science serial subscription information. The academic libraries making up the study cover the spectrum of sizes ranging from very large research libraries (for example, the University of Chicago and the University of Illinois at Urbana-Champaign [UIUC]), medium-sized libraries (for example, Illinois Wesleyan and DePaul University) and smaller academic libraries (for example, Augustana College and Columbia College). (A complete list of the 75 participating libraries is found in Appendix A.) Because the purpose of the study was to look at the statewide collection, no individual library's complete collection of science serial subscriptions is identified. Small snippets of data may identify some library subscriptions, but only to show pieces of the database or to illustrate other methodological steps. Offering general anonymity to participating libraries made it easier to gain permission to use library data. In addition to granting permission to access or receive a library's science serial subscription data, every participating library received a spreadsheet showing their holdings from the database, which included all information gathered by the study and from Ulrich's. In addition, each library's "last copy" and "next-to-last copy" titles were identified.
A "science serial" was defined very broadly for this study to create a panoramic view of Illinois' collections. Initial queries to the Voyager Universal Catalog defined science serials by their call number classification. The subjects included in the study covered core areas such as biology, chemistry, physics, and geology but also extended to areas such as mathematics, agriculture, health sciences, technology, and engineering. "Serial" was also defined broadly, using CONSER's definition: "a publication in any medium issued in successive parts bearing numeric or chronological designations and intended to be indefinitely."
12 Table  1 shows the call number ranges used in the database queries to identify current science serial subscriptions. While it seems simple to query a union catalog to cull current science serial subscriptions, a number of different tactics were employed to thoroughly capture every eligible title. The query "record type = a; bib level = s" with a purchase order for the current fiscal year and in the specified call number ranges brought in many needed titles. A second query, "record type=a; bib level =s; items created since 1/1/04" in the specified call number ranges, pulled in those titles without purchase orders but with recently created item records. These two queries should have found most of the current science serials for the libraries using the Voyager Universal Catalog. However, some libraries do not classify their serials, add item records to their serial bibliographic records, or use Voyager to record current purchase orders. To pull the needed data from these libraries, all their serial titles were identified and reviewed manually in their OPACS to determine current subscriptions to science serials.
The final 75-library union list of current, print science serial subscriptions was compiled by merging data from Voyager and hand-created lists. For the most part, this merging of data occurred without any problem. However, difficulties arose if there was any variation in title or ISSN (International Standard Serial Number), if no ISSN was available, if no OCLC number was available, or if different bibliographic records were created within the Voyager Universal Catalog for the same title. Over 100 hours were spent cleaning up and merging the two data sets (Voyager and non-Voyager libraries) to ensure that correct serial titles, ISSNs, and OCLC numbers accurately matched throughout the union list. This careful review was done for a total of 14,098 individual serial titles, representing 35,932 holdings of these print science serials. Figure 1 shows a sample of the database (or union list) with UIUC titles. The far le column shows the OCLC symbol (uiu), followed by title, three columns for ISSN, and the OCLC number. The three ISSN columns represent the three subfields where ISSN might be stored in the OCLC record. The data shown in figure 1 provided the basis for the database and each participating library's data were stored in a separate file.
The second phase of data analysis involved the use of the Ulrich's Serial Analysis System (USAS). The grant supporting this research provided funds to contract with Ulrich's for access to their "universal" database. Access was acquired for an initial four-week time period; Ulrich's subsequently agreed to extend the period of access when further work proved to be necessary, and they also provided system training. USAS added value to the database by providing additional information about each serial title included in the data set, including price, call numbers, electronic availability, peer-reviewed status, and ISI Impact factor. A sample section of the database with the data from USAS is found in figure 2 .
To utilize the Ulrich's database, a plain-text tab delimited file of ISSNs corresponding to serial titles held in the institution's collection was uploaded to Ulrich's. Ulrich's Serials Analysis System performed fairly well in matching current ISSNs and alternate ISSNs (electronic, incorrect, previous title). This process created a database of these titles, separately (by library) and also as a conglomerate (Ulrich's "Consortium Universe"). The USAS created an audit report highlighting invalid ISSNs, duplicate titles, and other problems with matching. Once problems were identified, cleanup work began to fix invalid or incorrect ISSNs and duplicate titles. Obviously, a project of this size required a great deal of cleanup totaling months of work. Many titles did not have an initial match point within Ulrich's; most of these did not have an ISSN within our database. Out of 14,098 individual titles comprising the union list of science serials, the USAS matched 8,478 titles, about 60 percent. This was a much lower percentage than was expected, and extended the work plan due to the need for still more database cleanup. Several hundred of these unmatched titles were due to errors with the data collected from the Voyager Universal Catalog such as incorrect ISSNs, missed title changes, and titles that had ceased or been retired. The reality is that consortium libraries have not been diligently upgrading records and making serial title changes. In addition, many of the titles did not have an ISSN within the bibliographic records populating our online catalogs. Either there was an existing ISSN and it was not included in cataloging, or these titles had never been assigned an ISSN. It was discovered that many of these titles are included within Ulrich's system as found in ulrichsweb.com [www.ulrichsweb. com] although they do not appear in the USAS. In these cases, the titles had to be matched manually, with ISSNs collected where available.
Many of the nonmatches were foreign language science titles. Because of the varying cataloging treatment of these titles, it is extremely difficult to match by title for these serials, especially Asianlanguage and Slavic-language titles. For these titles, careful reviewing located some duplicates; but because of the nature of these titles, many were considered to be the only copy owned by one library in the state.
USAS worked well when an ISSN was available for matching. The data most useful to this study provided by Ulrich's included list price, publisher, electronic availability, peer-reviewed status, subject category, and ISSN. The data we would have liked to acquire (and which are available through other Ulrich's products) included alternate edition ISSNs, frequency, start year of publication, all prices associated with title (including non-U.S. dollar prices), CODEN, URL, where the title is indexed/abstracted, publisher contact information, and the Ulrich's internal number for a serial title. These data would have enriched the database and provided important other evaluation and comparison points for each title.
While a product such as USAS was essential with serial identification issues, and provided the study with numerous additional descriptive fields for each title, database so ware (such as Microso Excel and Microso Access) turned out to be our most useful tools, well-supported by local serials data, union catalogs, and OCLC. Because this study focused on current print science serial subscriptions in Illinois, other features offered by USAS, such as comparing holdings to the Ulrich's "Universe" (189,000 active titles) or to Ulrich's "Core" (50,000 academic and scholarly journals titles), were determined to be secondary to this initial study. These types of comparisons were reviewed by VIVA, The Virtual Library of Virginia, and are reported by Metz and Gasser in Ulrich's database by any means. This is likely to happen in large consortium databases in which holdings will include obscure or rarely held serial titles that could include, for example, foreign language or gi titles. However, the importance of accurate and current serial records cannot be overstated-especially when it comes to conducting collection assessment. The study also found that there are 1,972 titles "at risk"-those serials currently owned in print by only two libraries in Illinois. This is another 14 percent of titles and slightly exceeds the prediction of the second hypothesis, which stated that another 10 percent of titles would be "next-to-last" copies, owned by only two libraries in Illinois. In all, 10,279 serial titles are currently subscribed to by only one or two libraries, meaning that 73 percent of all print science serial titles in Illinois are now, or have the immediate potential to be, the last print copy owned in the state. Figure 3 shows the distribution of print science serials currently subscribed to in Illinois by call number. The fourth hypothesis predicted that the single-subject call number class with the most print titles would be LC call number range QA (math). Figure 3 confirms this hypothesis, which was based on sheer volumes of titles and the observation that math titles are not only numerous but are in Table 3 shows that the state's largest academic library, the University of Illinois at Urbana-Champaign (UIUC), currently receives the most unique titles, followed by two other large research libraries in the state. Libraries are not identified by name to preserve confidentiality of their subscription data. Data from table 3 confirm the fourth hypothesis, which states that most of the unique titles will be currently owned by the largest research libraries in the state, those with an FTE student population over 20,000. One important finding is that fi y-eight of the seventy-five libraries in the study, or 77 percent, currently subscribe to at least one unique title for the state. Illinois' collections are very much dependent on each other to maintain diverse collections and support regional interests. Every library counts.
Results

As
The fifth hypothesis predicted that "cost ma ers," and that the higher the cost of a journal title, the less likely it was to be currently owned in the state. Table  4 shows the number and cost of print science serials in Illinois grouped by broad price range. As predicted, the higher priced journals are less widely owned, having a copy/title ratio of 2.29, below the average in the overall study of 2.55 and the lowest of those titles for which cost could be determined. Table 4 also addresses the hypothesis concerning total expenditures in Illinois for print science serials. While the prediction estimated a statewide cost over ten million dollars, the total actually is over twenty million dollars. This may be a low estimate because it does not include any second (or third!) copies held by the 75 libraries in the study. These data remind us that even in these electronic-centric times there are a number of reasons for libraries to continue to subscribe to print science journals as demonstrated by this large investment in current print subscriptions. Reasons include archiving responsibilities, a commitment to maintaining unique subscriptions only available in print, and even cost effectiveness. Some publisher contracts and license agreements require that libraries maintain a set level of subscriptions in print to secure lower pricing and online access. Table 4 also clearly shows the dearth of pricing information available for nearly half of all titles in the study. Even a er a graduate assistant conducted exhaustive title-by-title searching beyond Ulrich's including FirstSearch, publisher sites, and Google, no prices could be found for 7,029 titles. Because libraries are cost-conscious (very aware of what they are paying for a journal) and many of these titles were determined to be gi s or exchange materials, it is likely that there are no purchasing costs to libraries associated with these titles. Therefore, these journals (those with no price information) were not expected to have a dramatic impact on data analysis when price or cost was a factor. Table 5 addresses two hypotheses, one that states that disciplines with the highest percentage of online journal availability will be chemistry and physics and that the most expensive journals by call number will be found in LC class QD (Chemistry). As seen in table 5, Library of Congress classification QR (Microbiology) has the highest percentage of journals available electronically, not chemistry or physics as was predicted. In fact, while chemistry has many more journals by classification than microbiology, its electronic availability for those journals (67.8%) is well below Microbiology's 82 percent. However, chemistry does win the price war, The final hypothesis predicted that over 80 percent of currently received nongi print science serial titles will be available online. Table 6 shows that this hypothesis is in the right ballpark, but falls slightly short of a direct hit. Nearly 74 percent of nongi (or paid) print serial subscriptions are available online. This is a good percentage, but by reviewing the data from table 5, which show online percentages by LC class, it is clear that a number of science disciplines still need to make inroads in online accessibility.
Conclusions
The data raise a number of questions concerning Illinois' current print science serial collection. Illinois is a state with a rich history of cooperative collection development; these findings indicate that serial subscriptions represent a unique opportunity to mine the relationships that Illinois libraries have built up over the years, and focus energies on retooling both holdings and subscriptions. The data point to the incredible stewardship responsibility that exists in Illinois and in every state or consortium and poses the urgent question of how best to protect the 73 percent of our science serial titles that are at risk. It also asks us to wonder, "What can we do be er together than separately?"
This study provides a clear picture of how Illinois' science serial dollars are being spent. This statewide resource now has the potential to be utilized differently with these data at hand and the possibilities for managing a statewide collection.
By pointing out what is actually being currently bought, bound, and shelved, by how many libraries and where, we can be er decide if these decisions are right for today, or if they are just being carried over from generation to generation.
Data from this study can help to address last-copy or next-to-last-copy issues and to begin a discussion about moving to shared, consortium, or statewide electronic access. A clear need exists for shared archiving discussions and decisions to be made within Illinois and perhaps nationwide. In addition, materials with no pricing information comprise nearly 50 percent of current print science serial subscriptions in Illinois, most of which are not found in Ulrich's serials database and many of which have no ISSN and limited accessibility. This is a large percentage of titles for which more discussion is needed concerning the value and cost of keeping materials that are not well accessible. This study also points very clearly to the importance of up-to-date, accurate cataloging records and it emphasizes the stewardship and responsibility of ownership in a world that grows smaller and more interdependent each day.
Discussions for reducing the number of print copies of widely held titles and moving to shared online access could begin with those subject areas with the most titles available online (microbiology, physiology), or could focus on the most widely owned print titles, such as Science, Scientific American, and Consumer Reports, that are held by over 50 academic libraries held print science serial subscriptions in in Illinois. Table 7 shows the most widely the state, representing an excellent start- Another way to begin is by identifying publishers with widely-owned current serial titles within the state and negotiating a single statewide current print subscription and online accessibility together, consortially, for the state. With a large database containing many fields, nearly any angle of this collection can be scrutinized and analyzed.
The authors believe that the answer to the question posed above, "What can we do be er together than separately?" is to use the data and make decisions that increase electronic access through consortia purchases while reducing print copies (except those needed for archival purposes). To discuss this opinion, a statewide meeting of collection development librarians was held June 5, 2006 . This meeting was sponsored by CARLI and featured guest speaker Paul Metz (from VIVA, the Virtual Library of Virginia). The daylong session presented research data from the Metz and Gasser study as well as this study and provided an overview of potential paths to take. At the end of the day, CARLI Executive Director Susan Singleton called for the creation of the "Statewide Serials Collection Task Force." This group's charge is to "investigate various collaborative options related to print and electronic serials collections across the state. Among other ideas, these options may include mechanisms for last subscription retention, last copy retention and electronic archiving." The road will be a long one, but Illinois has begun to move ahead in collaborating to create a statewide serial collection that not only preserves and protects our rich resources but extends access to this collection at the broadest level for the good of all citizens.
Future Research
This study suggests further inquiry in a number of areas that look to both the breadth and depth of information about serial subscriptions. Of primary interest is the potential for providing electronic access to high-cost, high-overlap journals and how negotiations for specific titles might best be advantageous to libraries. While reporting on specific negotiated terms is o en not possible, it is still reasonable to follow the effects of moving from multiple print copies to a single statewide digital subscription and to understand the similarities and differences with other statewide agreements.
The authors have already been approached about continuing this study to other subject areas. In addition, a deeper understanding of interlibrary lending and access issues will help not only libraries but also publishers to appreciate the nuances of how more extensive licenses affect business models and budgets.
Libraries have always known that we are stronger collectively than individually. Economics and technology have converged to allow us to continue to move strongly ahead in our cooperative agreements, and a be er understanding of journal overlap and use of digital subscriptions are the natural next steps in our evolution.
Notes
